TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR READING AND WRITING INFORMATION, 
AND PROGRAM STORAGE MEDIUM FOR STORING READ AND WRITE 
PROCEDURE PROGRAM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an information read/write apparatus, 
an information read/write method, and a program storage medium storing a read 
and write procedure program, which allow for reading information stored on a 
first information storage medium and writing the information on a second 
information storage medium. In particular, the present invention relates to such 
an information read/write apparatus, an information read/write method, and a 
program storage medium for storing a read and write procedure program which 
automatically perform appropriate read and write operations upon occurrence of 
an interruption in the course of a read or write operation. 

[0002] For example, conventionally known is an information read/write 
apparatus, such as an audio device, which is adapted to read program 
information, such as audio data, stored on a CD (Compact Disc) or the like and 
write the information on an MD (Mini Disc) or the like. 



[0003] However, suppose that read or write operation is interrupted due to 
power failure in the course of reading or writing program information. In this 
case, the conventional information read/write apparatus requires cumbersome 
manual operations in order to continuously restart a read or write operation 
with high accuracy after the recovery from the interruption. 
[0004J For example, in case where the conventional information read/write 
apparatus is a car audio device which is mounted on a car, when a user (such 
as the driver) turns off the accessory switch (ACC switch) upon stopping the 
engine, the read or write operation of the information read/write apparatus is to 
be interrupted. Then, when the accessory switch (ACC switch) is turned on to 
start the engine after the interruption, the read operation is restarted from the 
program information at the time of the interruption. However, since the write 
operation has to be reset, the program information which is to be read after the 
interruption fails to be written any longer. 

[0005] To restart reading and writing program information after such an 
interruption has occurred, the user may specify a write mode or the like. 
However, at the time of recovery from the interruption, the read operation 
continues to read the program information. Consequently, the restarted write 



operation only writes the program information intermittently, thereby making it 
impossible to write the program information with accuracy. This is why 
cumbersome manual operations were required for writing program information 
with accuracy. 

[0006] First, a user or the like performs an operation for reading the 
program information which has been already stored in order to know the range 
of the program information which has been stored. 

[0007] Then, when it is found that the most recently written program 
information at the time of the interruption has been read and written down to its 
end, the user performs an operation for specifying the track number of the 
program information which is to be read and written after the most recently 
written program information. The user also performs an operation for 
specifying the recording mode or the like in order to restart to read and write 
the program information from the specified track number. 
[0008] When it is found that the most recently written program information 
at the time of the interruption has been written incompletely (not written down 
to its end), the user performs an operation for erasing the incompletely written 
program information. Then, the user performs an operation for specifying the 
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track number of the incompletely written program information. Subsequently, 
the user performs an operation for specifying a recording mode or the like in 
order to restart reading and writing the program information from the program 
information of the specified track number. 

[0009] As described above, it was necessary to perform the 
aforementioned cumbersome manual operations in order to continue accurate 
read and write operations of the program information subsequent to the most 
recently written program information at and after the time of an interruption 
caused such as by a power failure. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been developed in view of these 
problems. It is therefore an object of the present invention to provide such an 
information read/write apparatus, an information read/write method, and a 
program storage medium for storing a read and write procedure program for 
allowing a computer to perform the read and write processing which requires 
only a simple operation to continue high-quality reading and writing operations 
of the program information subsequent to the most recently written program 



information at an interruption caused such as by a power failure which has 
happened in the course of the previous read/write operation. 
[0011] To achieve the aforementioned object, an information read/write 
apparatus according to the present invention comprises: read device for reading 
one or more pieces of program information stored on a first information storage 
medium; write device for writing the program information read from the first 
information storage medium onto a second information storage medium; 
detector means for detecting an interruption of at least any one of a read 
operation of the read device and a write operation of the write device in the 
course of writing the program information by the write device; determination 
means for determining a write status of program information on the second 
information storage medium at the time of the interruption, when the detector 
means has detected the interruption; and control means for controlling the read 
device and the write device, upon restarting of writing the program information 
by the write device and in response to the write status determined by the 
determination means, to continue a write operation on the second information 
storage medium from the program information to be read subsequent to the 
program information at the time of the interruption or to perform a rewrite 



operation on the second information storage medium from the program 
information at the time of the interruption. 

[0012] In addition, the detector means is characterized by detecting an 
interruption due to a power failure at least at any one of the read device or the 
write device. 

[0013] Furthermore, the determination means is characterized by 

determining the write status of whether the program information at the time of 

the interruption has been written to its end or incompletely. 

[0014] Furthermore, the control means is characterized by controlling and 

thereby allowing the write device to write information indicative of the write status 

determined by the determination means onto the second information storage 

medium. 

[0015] Furthermore, when the determination means determines that the 
program information at the time of the interruption has been written to its end, 
the control means is characterized by allowing, upon continuing the write 
operation, the read device and the write device to continue a write operation on 
the second information storage medium from the program information to be 
read subsequent to the program information at the time of the interruption. 



[0016] Furthermore, when the determination means determines that the 
program information at the time of the interruption has been written 
incompletely, the control means is characterized by allowing, upon performing 
the rewrite operation, the read device and the write device to erase the 
program information at the time of the interruption and having been already 
written on the second information storage medium, and rewrite, onto the 
second information storage medium, the program information corresponding to 
the erased program information of the program information stored on the first 
information storage medium. 

[0017] The information read/write apparatus according to the present 
invention is adapted to have the configuration described above and operate as 
follows. That is, when the read device reads program information stored on a 
first information storage medium and an interruption has occurred due to a power 
failure or the like while the write device is writing the read program information on 
a second information storage medium, the write status of the program 
information is determined which has already been written before the interruption. 
After the interruption has been eliminated and a read/write operation has been 
instructed, it is determined in accordance with the determined write status 



whether the program information which initially had to be written has remained 
incomplete. The apparatus then allows the read device to automatically perform 
read operations from the program information, which has not yet been written, 
stored on the first information storage medium. The apparatus also allows the 
write device to subsequently write the program information (on which the read 
operation has been performed again) onto the second information storage 
medium. 

[0018] That is, when it is determined that the program information at the 
time of the interruption has been written to its end, program information to be 
read subsequent to the program information at the time of the interruption is 
continuously written onto the second information storage medium. When it is 
determined that the program information encountered at the time of the 
interruption has been incomplete, the program information at the time of the 
interruption and having been already written on the second information storage 
medium is erased. A rewrite operation is performed on the second information 
storage medium from the program information corresponding to the erased 
program information of the program information stored on the first information 
storage medium. 



[0019] This makes it possible to continue performing a read/write operation 
of the program information subsequent to the interruption without requiring 
cumbersome manual operations. This in turn serves to improve operability 
and provide high-quality read and write operations ensuring the continuity 
between the program information stored prior to the interruption and the 
program information stored subsequent to the interruption. 
[0020] To achieve the aforementioned object, the present invention 
provides an information read/write method for reading one or more pieces of 
program information stored on a first information storage medium and writing 
the program information onto a second information storage medium. The 
method comprises: detecting the interruption of any one of the read operation 
or the write operation in the course of writing the program information onto the 
second information storage medium; determining a write status of program 
information on the second information storage medium at the time of the 
interruption when the interruption has been detected; and, upon restarting the 
write operation of the program information and in response to the write status 
determined, continuously performing a write operation on the second 
information storage medium from program information to be read subsequent 



to the program information at the time of the interruption or performing a 
rewrite operation on the second information storage medium from the program 
information at the time of the interruption. 

[0021] On the other hand, determining the write status is to determine the 
write status of whether the program information at the time of the interruption 
has been written to its end or incompletely. When it is determined that the 
program information at the time of the interruption has been written to its end, 
the step of performing read and write operations in response to the write status 
continues a write operation on the second information storage medium from 
the program information to be read subsequent to the program information at 
the time of the interruption. When it is determined that the program 
information at the time of the interruption has been written incompletely, the 
step of performing read and write operations in response to the write status 
erases the program information at the time of the interruption, having been 
already written on the second information storage medium, and performs a 
rewrite operation on the second information storage medium from the program 
information corresponding to the erased program information of the program 
information stored on the first information storage medium. 

10 



[0022] According to the information read/write method, when program 
information stored on the first information storage medium is read and an 
interruption has occurred due to power failure or the like while the read program 
information is being written onto the second information storage medium, the 
write status of the program information is determined which has already been 
written before the interruption. After the interruption has been eliminated and 
read and write operations have been instructed, it is determined in accordance 
with the determined write status whether the program information that initially 
had to be written has remained incomplete. The method also allows for 
automatically performing read operations from the program information, which 
has not yet been written, stored on the first information storage medium. In 
addition to this, the method allows for subsequently writing the program 
information, on which the read operation has been performed again, onto the 
second information storage medium. 

[0023] Then, when it is determined that the program information at the time 
of the interruption has been written to its end, the program information to be 
read subsequent to the program information at the time of the interruption is 
continuously written onto the second information storage medium. When it is 



determined that the program information at the time of the interruption has been 
written incompletely, the program information encountered at the time of the 
interruption and having been already written on the second information storage 
medium is erased. A rewrite operation is performed on the second information 
storage medium from the program information corresponding to the erased 
program information of the program information stored on the first information 
storage medium. 

[0024] This makes it possible to continue read and write operations on the 
program information subsequent to the interruption without requiring 
cumbersome manual operations. This in turn serves to improve operability 
and provide high-quality read and write operations ensuring the continuity 
between the program information stored prior to the interruption and the 
program information stored subsequent to the interruption. 
[0025] To achieve the aforementioned object, the present invention also 
provides a program storage medium for storing a read and write procedure 
program to allow a computer to perform read and write operations for reading 
one or more pieces of program information stored on a first information storage 
medium and writing the program information onto a second information storage 
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medium. The read and write procedure program comprising the procedure 
steps of: detecting an interruption of any one of the read operation and the 
write operation; determining a write status of program information on the 
second information storage medium at the time of the interruption when the 
interruption has been detected; and, upon restarting the write operation and in 
response to the write status determined, continuously performing a write 
operation on the second information storage medium from program information 
to be read subsequent to the program information at the time of the interruption 
or performing a rewrite operation on the second information storage medium 
from the program information at the time of the interruption. 
[0026] The program storage medium for storing a read and write 
procedure program may be loaded into a microcomputer-mounted electronic 
device, such as a personal computer, having an information read/write function 
to install the aforementioned read and write procedure program in the 
electronic device. The read and write procedure program can be executed in 
the aforementioned microcomputer, thereby providing the same function as 
that of a purpose-built information read/write apparatus. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] These and other objects and advantages of the present invention 
will become clear from the following description with reference to the 
accompanying drawings, wherein: 

[0028] Fig. 1 is a block diagram illustrating the configuration of an 

information read/write apparatus according to an embodiment; 

[0029] Fig. 2 is an explanatory flowchart illustrating the operation of the 

information read/write apparatus according to the embodiment; 

[0030] Fig. 3 is a further explanatory flowchart illustrating the operation of 

the information read/write apparatus according to the embodiment; and 

[0031] Fig. 4 is an explanatory view illustrating the write status at the time of 

occurrence of an interruption and the process for a read/write operation to be 

performed in accordance with the write status. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0032] Now, the present invention will be explained below in more detail with 

reference to the accompanying drawings in accordance with the embodiments. 

Fig. 1 is a block diagram illustrating the configuration of an information read/write 

apparatus according to an embodiment. 
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[0033] Referring to Fig. 1, the information read/write apparatus 1 
comprises a read unit 3 for reading program information stored on an 
information storage medium (hereinafter referred to as an optical disc) 2, such 
as a CD or DVD (Digital Versatile Disc), acting as a first information storage 
medium. The information read/write apparatus 1 also comprises a read/write 
unit 5 for writing program information or reading the program information stored 
on a hard disk 4 which acts as a second information storage medium, a 
decoder circuit 6, an output circuit 7, a system controller 8, and an operation 
unit 9 having a display unit. 

[0034] The information read/write apparatus 1 is supplied with power from a 
predetermined power supply 18 to operate. When the information read/write 
apparatus 1 is a so-called car audio device which is incorporated into an 
automobile, the apparatus 1 is supplied with power from a power supply (or a 
car-mounted battery) 18 in response to the operational position of the starter key. 
[0035] The read unit 3 comprises a spindle motor 10 for rotating the 
aforementioned loaded optical disc 2 at a predetermined linear speed, and a 
pickup 1 1 for optically reading information stored on the optical disc 2 to convert 
the information into an electrical signal Sdtc for output. The read unit 3 also 
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comprises a signal processing unit 12, a buffer memory 13, a servo circuit 14, 
and a CD/DVD control unit 15. 

[0036] The signal processing unit 12 is provided with a matrix circuit, a 
demodulator circuit, and a stream separator circuit, which are not illustrated. 
The aforementioned matrix circuit performs signal processing on the 
aforementioned electrical signal Sdtc delivered from the pickup 11. The matrix 
circuit thus generates error signals such as focus error signal FE and tracking 
error signal TE to supply these signals to the servo circuit 14, and also generates 
an RF signal. After the RF signal has been converted into digital data, the 
aforementioned demodulator circuit is adapted to demodulate and correct an 
error of the digital data in conformity with the data format of the optical disc 2. 
The aforementioned stream separator circuit then separates the resulting data 
into an audio stream Sa and a video stream Sv, which are in turn supplied to the 
decoder circuit 6 and a read/write control unit 16 which is provided in the 
read/write unit 5. 

[0037] The signal processing unit 12 supplies the servo circuit 14 with sync 
error signal CE which results from the aforementioned demodulation and error 
correction processing as well as the CD/DVD control unit 15 and the read/write 



control unit 16, provided in the read/write unit 5, with management data ATR 
stored on the optical disc 2. 

[0038] Incidentally, when the optical disc 2 is a CD, the management data 
ATR means TOC information stored on the lead-in area of the disc, Q channel 
sub-code data which is stored on the program area of the optical disc 2, as well 
as program information, etc. The TOC information, the Q channel sub-code 
data or the like serves to supply the CD/DVD control unit 15 and the read/write 
control unit 16 with information such as the condition for reading program 
information, a number provided for identifying program information (hereinafter 
referred to as a track number) and an index number, elapsed time and the like. 
[0039] When the signal processing unit 12 performs the aforementioned 
demodulation and error correction processing and the stream separation 
processing, the buffer memory 13 stores temporarily the resulting data which is 
in turn rearranged into the predetermined order and then delivered to the 
decoder circuit 6. 

[0040] The servo circuit 14 receives the aforementioned error signals, such 
as the focus error signal FE and the tracking error signal TE, and the sync error 
signal CE. Then, in response to an instruction from the CD/DVD control unit 15, 
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the servo circuit 14 performs focus and tracking servo control on the pickup 11 
as well as servo control on the rotational speed of the spindle motor 10. 
[0041] When an audio stream Sa and a video stream Sv, on which the 
predetermined compression processing has been performed, are supplied from 
the signal processing unit 12, the decoder circuit 6 decodes these audio stream 
Sa and video stream Sv, which are in turn delivered to the output circuit 7. In 
addition, when an audio stream Sa' and a video stream Sv', on which the 
predetermined compression processing has been performed, are supplied from 
the read/write control unit 16, the decoder circuit 6 decodes these audio stream 
Sa' and video stream Sv', which are in turn delivered to the output circuit 7. 
[0042] The output circuit 7 generates audio/video outputs to deliver the 
decoded audio data as digital data or to D/A convert the decoded audio data into 
an analog audio signal for output. The output circuit 7 also delivers the 
decoded video data as digital data or converts the decoded video data into a 
composite signal including the audio data for output. 

[0043] Now, the configuration of the read/write unit 5 is explained below. 
The read/write unit 5 comprises the read/write control unit 16, a hard disk drive 
17, and the hard disk 4 on which the hard disk drive 17 performs read and write 
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operations. That is, the information read/write apparatus 1 is adapted such that 
the read unit 3 reads program information on the optical disc 2 and then writes 
the program information on the large-capacity hard disk 4. The apparatus 1 
also reads program information stored on the hard disk 4 and then supplies the 
program information to the decoder circuit 6 and the output circuit 7. The 
apparatus 1 thereby provides the program information stored on the hard disk 4 
to users. 

[0044] The read unit 3 supplies an audio stream Sa or a video stream Sv to 
the read/write control unit 16, where the streams are converted (encoded) into 
data so as to be stored on the hard disk 4 and then supplied to the hard disk 
drive 17. For example, the audio stream Sa is converted by compression into 
data which conforms to the ATRAC3 standard or the like and then the resulting 
data is supplied to the hard disk drive 17. On the other hand, to read 
information stored on the hard disk 4, the read audio data which is supplied from 
the hard disk drive 17 is demodulated in accordance with the ATRAC3 standard 
or the like, and then the resulting audio stream Sa' and video stream Sv' are 
supplied to the decoder circuit 6. 
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[0045] Accordingly, the resulting audio stream Sa' and the video stream Sv' 
are decoded by the decoder circuit 6 and then converted by the output circuit 7 
into an audio/video output for output. 

[0046] Incidentally, the read/write control unit 16 also comprises a buffer 
memory 16a for temporarily storing data on which the aforementioned encoding 
processing or data demodulation processing is being performed, and then 
supplying the data to the hard disk drive 17 or the decoder circuit 6. 
[0047] Although described later in more detail, consider a case where a 
read/write operation is interrupted due to power interruption or the like. In this 
case, the read/write control unit 16 also detects the interruption and generates 
status data indicative of the write status of the program information which has 
been processed at the time of interruption on the hard disk 4. The read/write 
control unit 16 then writes the status data on the hard disk 4 in conjunction with 
the track number of the program information. Then, upon restarting the read 
and write operations, the read/write control unit 16 retrieves the aforementioned 
status data stored on the hard disk 4 and the track number. Then, in response 
to the write status at the time of the interruption, the CD/DVD control unit 15 and 
the read/write control unit 16 automatically restart appropriate read and write 
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operations in order to maintain the continuity of program information subsequent 
to the information which has been stored before the interruption. 
[0048] The system controller 8 comprises a microprocessor (MPU) and 
executes a predetermined system program to thereby control the entire operation 
of the information read/write apparatus 1. The system controller 8 is also 
connected with the operation unit 9 having a display unit comprising a liquid 
crystal display device or the like. The system controller 8 is adapted to supply 
display data to the aforementioned display unit to thereby display a menu for 
urging the user to enter instructions for subsequent operations. The system 
controller 8 also allows the user to enter control contents of the operation keys 
provided on the operation unit 9, thereby controlling the entire operation of the 
information read/write apparatus 1 in accordance with the control content 
specified by the user. 

[0049] The system controller 8 also provides control for performing read and 
write operations with the CD/DVD control unit 15 and the read/write control unit 
16 in sync with each other. 

[0050] The information read/write apparatus 1 is also provided with an 
auxiliary power supply, not illustrated, such as a large-capacity storage 



capacitor. When the system controller 8 detects the interruption of power from 
the power supply 18, the auxiliary power supply is adapted to sustain the 
operation of the information read/write apparatus 1 for a relatively short period of 
time. 

[0051] Now, the operation of the information read/write apparatus 1, 
configured as such, will be explained with reference to the flowchart shown in 
Figs. 2 and 3. 

[0052] As a typical example of operation, described below is such a case 
where an interruption has occurred due to a power failure in the course of 
reading an audio stream, such as music, stored as program information on an 
optical disc 2 and writing the audio stream on a hard disk 4. 
[0053] Referring to Fig. 2, when the user loads the optical disc 2 to a 
predetermined clamp position, the read unit 3 reads management data ATR 
stored on the optical disc 2 and then retrieves a track number for identifying the 
program information of each music tune based on the management data ATR to 
display the track number on the aforementioned display unit. The user specifies 
the desired track number in response to the track numbers displayed, and it is 
then started to read and write the program information corresponding to the track 
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number specified. On the other hand, when that program information on a 
plurality of tunes is stored on the optical disc 2, the user specifies the order of 
read and write operations as the order of track numbers and then provides an 
instruction to start the read and write operations, thereby allowing the program 
information to be read and written in the order of the track numbers specified. 
On the other hand, suppose that the user has given the instruction to start the 
read and write operations without specifying the track number. In this case, it is 
determined that the read and write operations should be performed on the 
program information of all music tunes, and then the program information is read 
and written in ascending order of the track numbers. 

[0054] First, in step S100, the CD/DVD control unit 15 and the read/write 
control unit 16 store the track number of the program information to be read and 
written in their respective storage units (not shown). 

[0055] The aforementioned read and write operations are then started in 
step S102. That is, the read unit 3 reads sequentially the program information 
(which should be read and written) stored on the optical disc 2, while the 
read/write unit 5 subsequently writes the program information (which has been 
read) on the hard disk 4. On the other hand, the CD/DVD control unit 15 and 
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the read/write control unit 16 check the management data ATR (or the Q channel 
sub-code data for a CD) to thereby explicitly trace to what extent the program 
information of a certain track number has been read and written. 
[0056] It is then detected in step S104 whether there is an interruption due 
to power failure or the like. If no interruption has occurred (if "NO"), the 
process proceeds to step S106, where it is checked whether all pieces of 
program information, which should be read and written, have been completely 
read and written. If the program information has not been completely read and 
written (if "NO"), the process continues the processing from step S104. 
[0057] If all the pieces of program information which should be read and 
written are determined in step S106 to have been completely read and written 
(if "YES"), the process terminates the read and write operations. 
[0058] If an interruption due to power failure or the like has been detected in 
the aforementioned step S104 (if "YES"), the process proceeds to step S108. In 
this step, while power is being supplied by the aforementioned auxiliary power 
supply, the encoding processing is stopped in the read/write control unit 16, and 
the program information which has already been encoded by then is also 
delivered from the buffer memory 16a and then written on the hard disk 4. 
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[0059] Furthermore, in step S112 where power is supplied by the 
aforementioned auxiliary power supply, it is determined whether the 
aforementioned program information stored previously has been written down to 
its end. 

[0060] In other words, as shown in Fig. 4(a), suppose that an interruption 
has occurred in the course of writing the program information of track number 
TR(n-1) on the hard disk 4 and encoded program information has been written 
on the hard disk 4 while power is being supplied by the auxiliary power supply. 
It is then determined whether the program information of the track number 
TR(n-1) has been written down to its end. Incidentally, the Q channel sub-code 
data of the management data ATR is checked, thereby making it possible to 
determine whether the program information of the track number TR(n-1) has 
been written down to its end. 

[0061] As shown in Fig. 4(a), if the program information of the track number 
TR(n-1) is determined to have been written down to its end (if "YES"), the 
process proceeds to step S1 14, where in the hard disk 4 is stored the status data 
"Written to end" indicating that the program information of the track number 
TR(n-1) has been completely written down to its end. 



[0062] On the other hand, as shown in Fig. 4(b), if it is determined in step 
S112 that the encoded program information has been written on the hard disk 4 
but not down to its end (if "NO"), the process proceeds to step S116. In step 
S116, in the hard disk 4 is stored the status data "More to be written" indicating 
that the program information of the track number TR(n-1) has not been written 
completely. 

[0063] After the processing in step S114 or S116, information on the 
program information which has encountered the interruption, such as the 
aforementioned track number TR(n-1) and the name of its music tune, are then 
written on the hard disk 4 in step S118. Accordingly, since the aforementioned 
status data and the information on the program information which has 
encountered the interruption are written on the hard disk 4, at least the write 
status of the program information at the time of the interruption and its track 
number are stored as a history. 

[0064] Then, in step S120, post-processing such as for stopping the 
operation of the read unit 3 and the read/write unit 5 is performed before the 
auxiliary power supply stops supplying power, and the process continues to the 
flow shown in Fig. 3. 
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[0065] Referring to Fig. 3, in step S200, the system controller 8 waits for the 
recovery of the power from the power supply 18, and then the process proceeds 
to step S202 after the power is recovered to thereby eliminate the interruption. 
[0066] In step S202, the read/write control unit 16 retrieves the status data 
and the track number, stored on the hard disk 4 as the aforementioned history, 
from the hard disk 4. In the subsequent step S204, the system controller 8 
displays the status data and the track number on the display unit of the operation 
unit 9 as well as the menu for urging the user to select and instruct whether to 
further continue the read and write operations. 

[0067] Then, in step S206, if the user has instructed on the aforementioned 
menu not to continue the subsequent read and write operations (if "NO"), the 
process terminates the read and write operations. That is, the user can choose 
not to continue the read and write operations when the user desires to leave the 
read and written information unchanged on the hard disk 4 even after an 
interruption. The user may make the same choice when he or she desires to 
read the program information stored on the optical disc 2 from the very beginning 
and write it again on the hard disk 4. 
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[0068] In step S206, if the user has instructed to continue the read and write 
operations (if "YES"), the process proceeds to step S208, where the system 
controller 8 references the status data and the track number to thereby 
determine the write status of the program information having the most recently 
read and written track number. That is, it is determined whether the status data 
indicates the "Written to end" or "More to be written." 

[0069] If the status data indicates "Written to end", the process proceeds to 
step S210, where the system controller 8 instructs the CD/DVD control unit 15 to 
restart the read operation in order to perform read and write operations from the 
beginning of the program information to be read and written subsequent to the 
most recently written track number. That is, as schematically shown in Fig. 
4(c), when the most recently written track number indicates TR(n-1) and the track 
number to be subsequently read and written indicates TR(n), the program 
information of the track number TR(n) is read from the beginning. 
Simultaneously, the system controller 8 instructs the read/write control unit 16 to 
write the program information in the write area subsequent to that of the program 
information of the track number TR(n-1) which has been already written on the 
hard disk 4 before the interruption. This ensures the continuity between the 
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program information of the track number TR(n-1 ) which has been already written 
down to its end before the interruption and the program information of the track 
number TR(n) which is to be read and written after the interruption has been 
eliminated. 

[0070] On the other hand, if the status data indicates "More to be written", 
the process proceeds to step S212, where the system controller 8 instructs the 
read/write control unit 16 to erase the program information of the most recently 
read and written track number from the hard disk 4. For example, as 
schematically shown in Fig. 4(d), when the program information corresponding to 
the track number TR(n-1) has not been completely written down to its end, the 
program information which has been incompletely written is erased. In step 
S214, to perform read and write operations from the program information of the 
aforementioned erased track number, the system controller 8 then instructs the 
CD/DVD control unit 15 to restart the read operation and simultaneously instructs 
the read/write control unit 16 to restart the write operation. This ensures the 
continuity between the erased program information and the program information 
which has been properly written prior to the interruption. 



[0071] Referring to the case of Fig. 4(d), suppose that the program 
information of track number TR(n-2) has been properly written on the hard disk 4 
and then an interruption has occurred in the course of writing the program 
information of track number TR(n-1), of which status data indicates "More to be 
written." In this case, the incompletely written program information of track 
number TR(n-1) is erased from the hard disk 4 and it is then restarted to read 
and write the program information of track number TR(n-1) from its beginning. 
After the program information of the track number TR(n-1) has been completely 
read and written, the program information of the subsequent track number TR(n) 
is to be read and written. Consequently, the continuity is ensured among the 
program information of the track number TR(n-2) which has been already written 
before the interruption, the program information of the track number TR(n-1) 
which is read and written after the recovery from the interruption, and the 
program information of the track number TR(n). 

[0072] As described above, read and write operations are subsequently 
performed in the aforementioned steps S208, S210 or in steps S208, S212, and 
S214. It is then determined in step S216 whether all pieces of program 
information which should be read and written have been completely read and 
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written, and the process terminates the read and write operations if it has been 
determined to be true. 

[0073] As described above in this embodiment, when an interruption occurs 
while the information read/write apparatus 1 is performing read and write 
operations, the write status at the time of the interruption is stored as status data 
in the hard disk 4. When the interruption has been eliminated, read and write 
operations are automatically restarted corresponding to the write status, thereby 
making it possible to perform the read and write operations ensuring the 
continuity between the program information which has been properly written 
before the interruption and the program information subsequent thereto without 
any cumbersome operation. In other words, if the write status of the most 
recently written program information at the time of the interruption indicates 
"Written to end", read and write operations are restarted from the beginning of 
the program information that is to be subsequently read and written. If the write 
status of the most recently written program information at the time of the 
interruption indicates "More to be written", the most recently written program 
information is erased from the hard disk 4 and then the program information 
corresponding to the erased program information is read from its beginning 
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stored on the optical disc 2 and written on the hard disk 4. This makes it 
possible to perform read and write operations with the same high quality as in 
the case of no interruption without requiring any cumbersome operation. 
[0074] Incidentally, such a case has been described above in which 
program information such as music is read and written, however, the present 
invention can also be applied to the case where a computer program or the like 
is read from the optical disc 2 and written onto the hard disk 4. 
[0075] Such a case has also been described where the program information 
read from the optical disc 2 is written onto the hard disk 4, however, the present 
invention can also be applied to the case where there is provided drive means 
for writing program information on other information storage media such as an 
MD in order to write program information on an MD or the like instead of the hard 
disk 4. That is, program information is read and written on an MD while the 
management data ATR read from the optical disc 2 is being traced, and the 
management data ATR and the write status are recorded onto the MD when an 
interruption has occurred. This makes it possible to perform high-quality read 
and write operations to ensure the continuity of program information, in 
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accordance with the management data ATR and the write status after the 
recovery from the interruption. 

[0076] Such a case has also been described where the optical disc 2 is read 
as an information storage medium for read and write operations, however, the 
present invention also provides outstanding effects for "track read and write 
operations", "signal read and write operations" or the like. 
[0077] That is, suppose that an interruption has occurred in the course of 
so-called track read and write operations where only one user-specified music 
tune is read and written. Upon restarting the read and write operations after the 
recovery from the interruption, it is automatically determined whether the status 
data indicates "Written to end" or "More to be written", and then the tune is read 
and written. This makes it possible to provide high-quality track read and write 
operations without requiring the user to go through a cumbersome operation. 
[0078] Suppose also that an interruption occurs in the course of a read/write 
operation after the user has instructed the information read/write apparatus to 
operate in a so-called signal read and write mode for reading and writing only the 
first tunes stored on a plurality of optical discs. In this case, it is automatically 
determined whether the status data indicates "Written to end" or "More to be 
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written", and then the tune is read and written. If the status data indicates 
"Written to end", the user is urged on the menu to load the next optical disc. If 
the status data indicates "More to be written", the user is urged on the menu to 
load the next optical disc after the first tune of the previously loaded optical disc 
has been read and written again. Accordingly, this makes it possible for the 
user to perform the signal read and write operations as if no interruption has 
occurred. 

[0079] More specifically, the signal read and write operations are to select 
and automatically read and write only the first tune on each of a plurality of 
optical discs as described above. When the user selects and specifies the 
signal read and write mode and then loads a first optical disc into the read unit 3, 
the information read/write apparatus 1 writes the first tune of the optical disc on 
the hard disk 4. After the writing has been completed, the apparatus 1 ejects 
the optical disc and then urges the user on the menu to load the next optical 
disc. When the next optical disc has been loaded, the apparatus 1 writes the 
first tune of the next optical disc on the hard disk 4. In this way, the apparatus 1 
continues this processing where a plurality of optical discs are loaded and 
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ejected one after another to write only the first tune of each optical disc on the 
hard disk 4. 

[0080] Suppose that an interruption occurs in the course of reading and 
writing the first tune of an optical disc in the signal read and write mode. In this 
case, if the status of the first tune of the optical disc which has encountered the 
interruption indicates "Written to end", the apparatus 1 ejects the optical disc to 
urge the user on the menu to load the next optical disc after the interruption has 
been eliminated. On the other hand, if the status of the first tune of the optical 
disc which has encountered the interruption indicates "More to be written", the 
apparatus 1 erases the first tune having the status of "More to be written" from 
the hard disk 4 and then reads and writes again the first tune of the optical disc 
to eject the optical disc and urge the user to load the next optical disc. 
[0081] It is thus required to only load an optical disc even when an 
interruption occurs. This eliminates a cumbersome operation for specifying the 
signal read and write mode to perform read and write operations all over again 
on all the optical discs, thereby making it possible to improve operability. 
[0082] Such an information read/write apparatus has been described which 
is provided with the read unit 3 for allowing optical discs to be loaded one by 
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one. However, the operability of the user can also be improved upon 
occurrence of an interruption even in an information read/write apparatus 
provided with a read unit (having a so-called disc changer mechanism) which 
allows for simultaneously loading a plurality of optical discs. 
[0083] That is, suppose that an interruption occurs in the course of reading 
and writing program information, such as music tunes, stored on a plurality of 
optical discs in the order in which the user has selected and specified. In this 
case, if the status of the program information on the optical disc which has 
encountered the interruption indicates "Written to end", it is restarted after the 
recovery from the interruption to perform read and write operations from the 
program information to be subsequently written. If the status of the program 
information on the optical disc which has encountered the interruption indicates 
"More to be written", it is restarted after the recovery from the interruption to read 
and write the program information and then the program information to be 
subsequently written. Accordingly, this makes it possible to perform read and 
write operations as if no interruption has occurred, thereby allowing for improving 
operability. 
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[0084] Furthermore, it is possible to apply the present invention not only to 
an interruption due to power failure but also to any interruptions resulting from 
various causes inside or outside the information read/write apparatus. 
[0085] For example, the present invention can also be applied to any cases 
where an interruption occurs only at the read unit 3, where an interruption occurs 
only at the read/write unit 5, where an interruption occurs at both the read unit 3 
and the read/write unit 5, or where an interruption which affects read and write 
operations occurs at portions other than the read unit 3 and the read/write unit 5. 
[0086] In the case of an interruption, this embodiment is adapted to write the 
status data and the track number of the program information which has 
encountered the interruption onto a destination information storage medium or 
the hard disk 4. However, a rewritable nonvolatile memory may be incorporated 
in the read/write control unit 16. When an interruption has occurred, the 
memory may be used to store the aforementioned status data and track number 
in order to restart read and write operations, after the recovery from the 
interruption, in accordance with the status data and the track number stored in 
the memory. That is, it is possible to store the status data and the track number 
on storage means other than the destination information storage medium. 
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[0087] Furthermore, the information read/write apparatus has been 
described as a so-called purpose-built apparatus which performs reading and 
writing information, however, the present invention is not limited thereto. For 
example, it is also acceptable to provide a read/write process in the form of a 
computer program (a read and write procedure program) which is executable 
such as by a microprocessor and stored on an information storage medium such 
as a CD or DVD. In this case, the read/write process is employed to restart 
read and write operations in order to ensure the continuity of program 
information when an interruption has occurred as described above in the course 
of a read/write operation. The read and write procedure program may be 
installed and executed in an electronic device (such as a personal computer) 
having a microprocessor built therein. 

[0088] In the form of an information storage medium, the present invention 
can be applied to a wide range of electronic devices which are provided with 
read and write device. 

[0089] Furthermore, the aforementioned read and write procedure program 
may be not only provided in the form of an information storage medium but also 
transmitted over communication means such as the Internet to an electronic 
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device such as a personal computer, where the program may be downloaded 
and executed. 

[0090] As described above, when program information stored on a first 
information storage medium is read and an interruption has occurred in the 
course of writing the read program information onto a second information storage 
medium, the present invention is adapted to restart read and write operations, 
after the recovery from the interruption, according to the write status at the time 
of the interruption in order to ensure the continuity of program information. This 
makes it possible to provide read and write operations through a simple 
operation with the same high quality as in the case of no interruption. 
Furthermore, the write status at the time of the interruption is automatically 
determined and the processing for restarting read and write operations in order 
to ensure the continuity of program information is automatically performed, 
thereby making it possible to provide improved operability for the user. 
[0091] While there has been described what are at present considered to 
be preferred embodiments of the present invention, it will be understood that 
various modifications may be made thereto, and it is intended that the 
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appended claims cover all such modifications as fall within the true spirit and 
scope of the invention. 



40 



